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PROCEDE ET INSTALLATION DE FORAGE ET DE CHEMISAGE D'UN 
PUTTS, NOTAMMENT DUN PUTTS DE FORAGE PETROLIER, AU 
MOYEN DE TRONgONS TUBULAIRES ABOUT ES INTTIALEMENT 
SOUPLES, ET DURCIS IN SITU 

Uprtente invention concert* un proctfe pour few ct chemuer un puits, 
noumment on puits de forage pdtrolier, an moyen d'ua ensemble de trongoe* tubulaires 
-oupi^oniia-rimiUirct, initialcmeat souplet. ap«cs » ttre repl to lon^tixiinalefliail 
tar dlmntees pour to in^ 

5 reflet d'une pttssion intern pour prendre uae fonne cyiindrique, et enfin k toe 
rigi&fiees in lito par polvncfintioo de lew parol, Penooinbremenl transversal d'une 
prcTorme repiiee ftant de dimension maximak sensiWement infeneure a son diamctre 
interne a Ptodepiie\et ieacklei preTonna possAiant one portioo d'exxrfmitf doot le 
diamctre • apres depjiement * est legeremeot supencur a cclui de la preTonne, ce qui 

10 pennet kur jonction boot-e-bout par embottemeni, avec recouvremenl de ladite portioo 
d'exttteiaf. 

Ainsi, en recourant a ce type de preTormc, qui est connue en sol 
- notammcnt par le document WO A -94/2 1887 - il eat possible d'obtenir un chw nis aae 
d'uncfountoe constant sorted 
15 A cet egaid, il oonrtent de nppeler qu'avcc des chesnlsages (ou tubeges) 

tradittaoneis eonstitues par dee tubes en ader. on eat oblige* d'utiliser des tronoons 
mUilsiir j iflc scopiqm i, i riismrftr iVrmtnint m rttmrtifm ibi fond du r 1 **. •» T" 
des prodemes d'itmaUaticn et Sexploitation tdterieoredu puits. 

L'objectif de I 'invention est de proposer un procld* de forage et de 
20 chemisage du puits, a I'atde de preTormcs du type men non ng ti-dessus, qui puiase toe 
mis en oeuvre de maniete simple etiapk)e.afaiblecoflL 

ftour cela, et conf onndment a ('invention, on commence par metxre en 
place unprnniertiu^ducte 
trtinoondtaat townee vers le fans. 
25 Uproce^sek»rimwto 

a) on fait passer sxialement, de haut en baa, a travers ledit trongon. un 
oatil de forage, ct on fore au^desaous et dans le protocgement de ce troncon un trou de 
fonne et de prof ondeur adaptees pour recevrirletroncpneinvant; 

b) on retire I'oiitflde forage; 

30 c) on innodnit une preTonne. a Vim replie\ a rinteneux du ptrits en la 

faisant traverser ktroooande^ en plao^ 
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du trou, sa portion d'extrfmitd haute venant sc placer a rintencur de la portion dex- 
tremite' elargicefctronoon ; 

d) on introduit un ciment fluide ao fond du trou, autour de U portion 
d'extreniite* fame de la preTorme ; 
5 e) on introduit un flutde sous press on, de densit* eupencuro a la density 

du ciment, a lUntencurdc la preTorme afin de la depfer radia l r m e n t. progreanvemeoi de 
bas en haul* en refoulant It ciment, egalexneot de has en haul, autour de ia preTorme, 
contre la parot da trou; 

0 lout en maifltenant U preTorme tousprcation interne, on en cnaufTe la 

10 pncdpourlaporymenaer; 

g) le ciment ayant pria. et la preTorme ayant durct poor oonatttuer un 
tronooo ttibulaire rtpde de chemisage, on rcdre axialeux^ les ouJfflages ayant tervi au 
gottflafeetaUpotyme^ 

h) on rettere Kopention pour lea troncons suivmnta, jusqu*a obteuir U 

15 longueur de pui to chemise aouhaitee, 

Lorsque, comme cda sera expuque* plus loin, la preTorme presente des 
reserves de reane antes a migrer vera l*exterieur pour former des verrous anmilmirea 
d f aandielte\le positions 

Cte maniere particuli eremcnt avantageuse, on utiliic unoutil de forage dn 
20 genreti*^apteac<cur« 

premier 6at d^eacombreoent eainimal, lata permcttant de passer a rintetieur du troncon 

d^cn place, unaeennde^^ 

priimpale du trou et un troisteme &at, d'eacombrement maximal , pour le forage de la 
parte dutxcwdeatineearecevoirUporti 
25 Dans un mode dere^taatim 

a ta polymerisation de U prtTorrae, ainstqu'aU distribution du ciment. comprend une fee 
idouWe valve placenen parte 

nutoede*jiuTaa*an 

L'instaUation de forage et de chemiaage, qui fait egalement parte de la 

30 preaente inventtawicwaflt a U 

qu'dte comprend, en tte de puita : 

* une bobine de stockage et de reception, a V€*l enroule\ de ladite 

preTorme; 

* une tele surplombant I'entrce du puita, apte a pcrmettre le guidagc et 

35 I'uitroductio* 

du puits ainst ou'au gonflage et a la pdymenaationde la preTorme; 
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- des bobines de stodcage a I 'clat enioutt de tubes incMiques clastique- 
rooititfoanablesapceiira^ 

de ces tubes nontenant uo dWe servant 4 1 'alimentation de la preTonne en courant 
dectrique; 

- no gen&ateur de comnt flecoique, 

D'autres caiactenstxquca et avantages de rinvention apparaltrotit de la 
d es cription et des dessins annexes qui en reprfsentent, a simple titre cTexemjto non 
limitatifs un mode de wit en ocuvre pnffcid, ainsi que 1 'installation concspondantc. 

Surees detains: 

- les flgorDs I a 4 sent des vues scnematiques, en coupe axtale, montrant 
lei difTereotes Stapes de TopenUioc de forage de la panic de pmn qui doit rrcevoirla 
pceTornsc ; 

- U fifw 5 « une vue seliemat^tte 
die eat sotidaiie, avant nise en place, dans le putts; 

- les figwts 6 et 7 sont des vues partieUes de I 'extremit* basse de la 
preTonne,destinees4illustitr !e principe de la double valve demt est pourvue U tete 
d'omlHage; 

- les ngufci 8 a IS ilhistieDt Itf duTtentt 
pftTocme an bout d*un traneon deja en place; 

• la figure 16 reprtsente scnemauquemcau en coupe axiale, un poits 
chemise* par troUtooncott 

-la figure 17estunevuescheiiiatknien^ 
coostitunts de r installation, situes en surface (tte de pints) ; 

.les figures 18i30 - aecfadle plus petile - illuitrem le fonctionixementde 
riostaUaiionaitoouadesdifrerci^ 

La figure 1 reprteate I'extrfmitf basse d'un puits vertical en cows de 
foisge et de chanisage. Ce pui*, incotnpietement fote\ comporte un dicmisajc dejacn 
placesoisfonned'imtubecyU 
20 gargle. 

LedianAtieDdecetlepaitie 20 est legem 
d de la partie prindpale % u bien qull est possible d'embotter les una dans les antes des 
traococniZavecfecoovfementdes 

Letioc>oc»dechemisage2estso 

que 200. 

NousaUoos malntenant decriie de quelle maniere vatoe mis en place, a 
raide du proo6o^ de I 'invention, le tronoon wivant, destine' a 6tre about* au troocon Z 
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Pour ccU, comme illustrf tux figures 1 4 4, on commence par forcr tin 
troudestint^iecevoiroe bongoo, 

A cet effet oa utilise un outii de forage 1, du genre trepan, qui a U 
paiticularit* de pouvoir toe rftracU oa dilate* radiaiemeoc, dans trots *t*ts d'encom- 

5 bccmeatdUTfoiits. 

Daw un premier Oat. illustrf a la figure 1, Poutil est rttracaf au maximum 
de idle manifere que an plus grande dimension tramvemle autorise son libre passage a 
I 'inteneur du troop* 2, axlalement a traven celui-cL 

DamortAa^aoaencomtxematfestdoiK 
10 De maotere connoe, Poutil de focaje 1 est fixe* a Pexfcemite' <Tune tige 

tnbriaiie 10, qui ports le raoteor d'entratoement (non rcpitentel de Poutil en rotation, eC 
les organesassuraat son denotement cusa contraction racfiale, 

Comme on le vena plus loin, la tige 10 est montee a. |' extremity d'un tube 
mltalliqoe apce a toe cnroule* sur un tambour recepteur dispose* cn surface, en tte de 
15 puits. 

Dans un second flat de deploiemeat iidiaJ.mus«*ta figure 2, Upertte 
ooupante 12 de Poutil posaede tin diametrcde travail aensibiemeategal aD. 

L'outil ayant efd deaceadu axtalement dans le pui is, fc travel* le tnbage 2 
dejaen place, oa pcovoque ce deploiemeat radial au diamtoe D kxaqu'il est arrive* a 
20 Piateneur debt portion elarp«20. On actionne akxs Poutil en rocatioo, touteapoanui- 
vamsideaceateaKiniefflustr* 1. 

On rfaliaeainsile forage d^mtro 
txoocoe 2, dans kptolongememdeccfui<i, dans leaoiS. 

U profoodew dc forage correspond a la longueur du troo9on que Pod 

25 scuhaitemettre en place. 

L'outil 1 posaede dea cxganea de coupe additionnels 11 qui peuvent toe 
deptoyes radialement a un diamine supeneur a D, afin de pouvoir recevoir la portion 
elMigkdutron^anametomp'ace. 

Comme Must* a la figure^ 

^^Tlafi^ 
du*ott3.paxlai**6eu^ 

basse du Hon, dual le dtamtoe D est le memequcceluidelapartieSa 
La|xeYonne4 tepieaentee scn^^ 
35 general que odle dfaite en derail dans le WO-A-94/21B87 deja cite\ 



2741907 



5 

NeafUDdns, die cstde>wrvu^ 
gooflable* du fait c^*c« a afTaift 
portion d'extremite* basse 40 de section elargie. 

U preTorroc 4 est supports par une tige tnbulaire 5 en acier. earoolable 
5 aur un tambour de stockage silue* en surface, el qui pennet de la fatrc deacendre a 
rintgrieur du puits, et dc lui fournir les flmdcs de rimentahon ct de ajooflage, ainsi que 
1'dnergie cUcctrique poor la pcJymensarion de la preTormc, par I'tntenneVliaire d'un 
disfx»tifdeiaooorieflBeei5tt 
tapreTwineetseiaccord^ 
10 Cetypedetited'aderearooialieeMeo^ 
par Le termc anglais "COILED TUBING" - en abrtge* "CT." 

Comme cda est decri t dans le WO- A-94/2 1 887 deja rite\ la preTorme est 
obtureeaaeaextre^teahauiertba 
bies et/cjudecoupabla ea Ho d*cpefatkn. 
15 Latete diatributrice 51 poasedc uoe double valve 52. 53, actionnable 

selectivemenr (depms U surface). 

Comme illustre* am figures 6et 7, la valve 52 pennet de distribuer un 

fluktedegMaTajearm^^ 

dismlaier im ciiecnt flina^ 
20 Cotunefflustfalafigurc^ 

rcmiiadialementr^e'-e* 

travenktroocoedechemi^ 

Bien eniendtt. pew eed ac4t po^ 

bieaKnttnrasversalc*lapre^^ 
25 depUee.Q^conespoodacdn 

Lonqiie la preTcfme est rep^ 

"IT ou en forme d'escargot - comme Mustrd par exemple aax figures 6A et 6B, 

itapectsveeaxmo^docuin^ 

section drculaJre, 
30 UpitTaine4estpceitiCfli^ 

d'extremite* plus large 40 ae trouve en regard de Telargisaenient de pub 31 ; la longueur 

du trou 3 eat determine* pour que, dans cette position, la portion aupeneurt de la 

pieTonneseirouveenregari^ 

On proebde aim 1 llq ei^ d 1 um 
35 prtforme. via U valve 51 (fttchesj. figure 9). 

Le ctmcat est choisi pour avoir line density voisine - voire legeremeut 

supeiieure • celk de U boue liqw 



2741907 



6 

L'arriveccktimemalabasedelapre^^ 

Comme illustrt a la figure 10, on precede ensuite au gonflage dc la 
preTorme, cn injectant un fluidc sous pressiou a rinteneur dc celte-d, via la valve 52 
5 (ffebsl). 

(I s'agit soil d'un liquide introduit de Fexicncur (dqsuts la tele dc puts) 
psxkcc^t 5 dans U preTorme 
pott* et pomp* dans la prcTorroc, 

Lc liquide dc gonflage est avantageusement choia pour avoir une densitC 

10 IcgteraotfSttperie^ 

gonflag* va se faire progresstvement du bas vets lc haut. cotnmc symbolisd par les 

fleet* Gala figure la 

A deTaut ,la progression du gonflage du bas vers lc haut peutetre con trfilce 
co prevoyant, lc long dc la prfforme, une sene dc bagues dc contention frangible*, dont 
15 k seuUde rapture est adap^ ace sew 

Lc timent est par consequent refouM dgaJerocat dc bas en haut cootie U 
paiot du puits, commc symbolise par Is fleche H , toodis que la bouc 7 se trouvc chasse* 
ven lc haut 

De preference le volume de ciment penphenque n'est pas sufTisant pour 
20 atteindrcte parte haute fe^ liaison un a a mmt d am 

la Taaot de joocdon entre les portions d'extrftnite" des deux troococs 2 et 4 (voir figure 

II). 

Depitfeieoce,lapref^ 
cnaud, prise en sandwich entre uae peau inteneure et une peau extetieure elastimies, et 
25 mimic, cote rateneur, d'une reserve contenant dc la reanc apte a migrer vera l'exteneur 
pour former des bounelets annulaires favorisant I'ancrage et retanchfttf du tubage centre 
laparoidu puits, 

Une preTorme de cc genre est decri te dans la de m ande de brevet francais 
9406691 deposcele 7 juiUci 19^ par Ucfemandcresse, et dans son e xt ens ion mteana- 
30 tionalc PCT/FR 9S009Q2. 

Ces venous annulsires,r^^ 
9 ; de preTerence il est prtvu une densictf plus graude de verrous (e'est-a-dire un 
ecarssroent plus faiblc enlrelc* venous) auxcxtr^ 

maniere a assurer uae bonne dtancheit* dans la liaison bout-a-bout des different* 
35 tronoons. 

Le ohsiilTage et la polymerisation de la preTorme sont real iaes une f ois le 
gccHage tennint la|a^asl« 
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A tide indicatif, U presooo interne at de I'ocdre de IS bus. 

Le chauflage de la preTorme pent se fail* aoit es introduiswic vn fluidc 
chaud a rintfcricur de la preTorme, soit par reaction dumique exothermique, soil encore - 
de prtTcrence - par eflct Joule, an moyea de resistances clectriques (fds chaufTanU) 
5 di^cefadamitaBMddeto^ 

Oectrique depuis la ttte de pui tt. via la tip -"Coded Tubing" -5. 

A tiae indicaiir, U lemptetuie nto 
deli0al40X.ettodui«©deceaee^c*^ 

Loraquetopoiymerist^ 
10 terutfi^etqiieleciiiiem^ 
(fltcfaeK. figure 13). 

On iostalle alors ua outi 1 de coupe (501) a 1 Vxtttmi t£ du tube 5. et oo 
decoupe le manchoo d'cmncbclt* de I'extremi* haute de la pctTorme (jjolymdriaee) 4* 
(figure 14), qa'on arrache ensuite. On opere de U mtoe manierc pour le maacbon 
15 infeneur. 

Onc^entaicotmtroiicmcte 
met* te cubage prfcAteot 2 (voir figure 15). 

L'opeimtkm qui vieot d'etre dtoite est biea sur rtUWe, troocon aprts 
tioncoo, afin d*obtemr Uprofoodeur de puis chemia* souhaitee. 

Dam un mode de realisation poaaiblc o> to prtfonne.ceOe^da uoe toe 
compoaee a 30ft de resine epoxy el a 70% de fibres de vene, ceoe toe ayaot une 
epeisscur de l'ordre de 14mm ; let pcaux inteneure et cxtfrieurc, en caoutchouc 
fynthe^que^c^respectiveinem 

A tta indicatif. U portion principale de la prtTorme 4 possede, a Tctai 
25 de^undtainctreintcneurc^ 

184mm. tandis que la portion elargie 40 posscde un diametre inteneur de Poidie de 
188mm et un diametre extenenr de rordrede 236mm. 

Lea portions 30-32 et 31 du mills out dea diamifetwmoyeiiaderoidfede 
197mm et de 2445mm, lespeotivemenL 
30 J^ionpiemdradifren^ 
simpteUtrema^catif.Ulongiw 

La figure 16 represent* un puits P chemise* par un ensemble de troia 
tnncoos 2A. 2B et 2C about* et dmeatcs. 

U figure 17 leprfsenieeche^^ 
35 q^permetdemettreenceuirre 

Sur cette figure, to ttodepuit* 
me^allique (chassis) lOOentourant la ttede puits. 
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Cctic structure 100 pone un injecteur 101 pourvu d'un sabot d'appui 102, 
ct servant i wpportcr ct i pousscr Ics (fcflercats maiAdds lorsqu'ils soul desctodus dans 
le puitoou retires decdui^;dl^^ 

On a design* par U ieT6rence 54 un tambour de stoefcage sur kqud est 

emoulectorjreTo^ 

L»ftferena540de«gneuni«brt 

ft ('entree da putts. 

Let itfcfeooes 56 *57 designed 

ctstockesrespecuven^ 

Le tube 560 ten ft supporter ct 4 deplacer lkmtfl dc fecage ; te ttfce 5 

<cc*uncoV5ft*0s^^ 

cimeotatioo i U prcTorme, et ft la connecter ft use ionic* de courant eTcctrique (poor U 

pciyineYisatiOQ)- 

L'tiectricil* est fournie par un generateur electrique 58. 

La reTercoce 59 cfcrigne une cabine de controle dc I 'oc^ratiaru 

De maniere classique, 1'entrte du puits ft forer est uddateaeut game d'un 

cuvetage 550. 

Le trepan 1 est adapts ft I'extrtmite* da tube 560, lcquel est cfcrouW du 
tambour rAxpteur 56. su^ 
(voir figure Ify 

On precede alors au forage du trou.de forme £tagec 3. destine* ft recevour 
le premier trcocoe (figure 19). 

A|xtstniseenpUcedeUpreT<)^ 

pciymAisationmsM 

on retire kcsondult central (50),^ 

54 (vide) surlaquellecuut imualemeol stockeelaprtforroe (figure 20). 
UpfeTcnnesetrouvcabw 

On defait ensuite ies connexions aydraulique et electrique avec la 
preTorme, on installe et on sceUe de msniere Aancfae autour de U tete du puits un 
tpptrci ttflgf *k lAgritf ad-hoc A. ccci par une technique conveatkmaelle (figure 21)* 

A 1'aide de fouul de coupe 501, port* par le tube 5, on decoupe les 
aanchom d'eanchert* haut et bus (figure 22). 

L**tape sui vsnte cocsistc ft forer Is section tuivante. pour obtcuir un trou 

e^3prok)iige«nllcu^ 

Ensuite, cm calibre lea duun^ 
du trou 3. ft rtWe d f un ixatrurnent aprjroprie* 1000 (figure 24). 

OnmetenpUrauoenrjuvdkp^ 
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Onlaftwtdeiccnditdttttlcpuito.etoo^ 
le tnxi 3. On la cocnecte au tube 5, et on procfele au gooflage, i U dmcalition. eta !a 
pcAyraensation (figure 26). 

On retire le conduit central 50, qu'on rcmonte et qu'on cnrode tur le 

tambour reccpteur 54 {fijurci 27 et 28). 

On suspend routitde coupe 501 au tube 5, et c«ile descend pew decou^ 
let manchons d'extrfmi* (figure 29). 

OncMeMaiin<kuxtrcmcw 
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1. Proceed pour forer ct chemiser un puits. notammem un puits de forage 
pe'troticr, «i moyco d'un ensemble dc troncons tubulaires - oo preTonnej - similairet, 
initialement soupie*. aptes 4 toe reputes lcngitwfinalcment cur elles-memes pour tee 
introduitea dam le puits, puis a etre depliecs radialemcnt sous PefTet d'une pression 

5 interne pour prendre une forme cylindrique, et enfin I toe rigidiflees in situ par paiymen- 
saiioa de leur parol, reacoabrement transversal d'une preTonne reptiee <tant de 
diutenskm nraunalc sensibKeneat tnferieure i son <fiametre interne k I'eutf deptie, el 
lesdHes preTormes (4) pcesedan t one portion d 'extremis (40) dont le dianietre - epres 
dejsliesAeia - est Idgetemeitt su 
10 joncdon bout-a-bout par emboftement avec recouvrement de latfite portion d'extrenug 
(40) , caiactense* par le fait que, un premier troncon (2) ayant eie* mis en place du oOtf de 
I 'entree du puits, sa portion d'extrcrai le* fiargic (40) tournee ver* le bas, 

a) on fait passer axialement, de haut en bas a travers ledit troncon (2), un 
outil de forage ( 1), et on fore au-dessous et dans le proioogement de ce troncon (2) un 
15 trou (3) de forme et de profoodeur adaptees pour recevoir le iroo^oo wivam ; 
-s, b)onrenmrouttf dtfotage(l); 

c) on introduit une preTonne (4). a Vital replie, a 1'intexieur du putts en la 
faisam traverser le troncon (2) deja en place, et cm la positionne cooveaablemeat 4 
rinterieur du trou (3), sa portion d'extremite* haute vcaant se placer a rinlerteur de la 

20 portion d'etfremiie* flargie (40) du troncon (2) ; 

d) on introduit un ciment tluide (6) au fond du trou (3), autour de la 
portion d'extremiie* basse de la preTonne ; 

e) on introduit un fluids sous pressioo (8), de densite* superieure a la 
densile* du ciment (6), a rinterieur de la preTorme (4) afin de la deplier ra dialemen t , 

25 progreasiveinemdebuenh^ 

de la preTorme, coatre la paroi du trou (3) ; 

0 tout en main tenant la preTonne sous pressioo in ternc , oo en chaufle la 
psroipourlapolymefiser ; 

g) le ciment ayant pris, et la preTonne ayant durct pour coosutuer un 
30 trooyon tubulaire risjde de cbeausage (4*), on retire axialeme nt lea outiUages ayant servi 

aurmflageetaUpolyinen^^ 

h) on reitere roperatioo pour les troncons savants, jusqu'i obtenir la 
longueur de puits chemise* souhaitee. 

2. Proceed edon re vindication 1, caractense* par le fait qn'on utilise un 
35 outil de forage (l)dugeumtrepeiwapteaocc^ 



2741907 



11 

radial e, a avoir un premier tor d'eooombrement minimal, lui pennettant de passer a 
I'inleneur du 1100900 (2) deja en place, an mood 6tat, d*encombremeot inlennAIiairc, 
pour le forage de la partie pri ndpale (30) du trou (3) et un troisi feme etat, d'encotnbremau 
maximal, pour le forage de la paitie(31) du txtxi (3) de^nie ireccvoirU portion flargie 

5 delapreTonne(4). 

3 • Proo6d£ selon la revendicatioo 1 ou 2, caracterae* par la fait que todit 
outillage comprend une tttc (51) a double valve (52, S3) ptacee en partie basse de la 
pftfoane(4).etapteadtstri^ 
prtf bcme (4) el un dmeot nuwfc(7)4rexteneurdece0e<i. 

to 4 ♦ Installation defootgeetdecn emis ag e . dcstinfe a U mise en ceuvre du 

proce<d6setonrmnedejrevendicad 
tttedupuits: 

- one bobine (54) de stodcage et de reception, a V6t*t enioule\ de ladite 

pre?onne(4); 

15 - unc tfite (101) aurplombaat Teattee (S3) du puits, apte a pennenre le 

guidage et ttnlnxtactioa dans le puits de la prffonne (4) etdes different* outillages 
servant an forage du puits ainei qo'au gooni^etiUpdymensatioo<felaprtTormc ; 

- des bobines (56, 57) de stockage a rtetenrautf de tubes m&alliques 
duoquemcnt ddTonnablcs (560, 5) aptea a fai re deaceodrc et remonter leedits outillmges 

20 dans le puits* Pun (5) de ces tubes cootenant un cftble servant a raliroentaoon de la 
pteTonne en conrant c l e ctri que ; 

- an ffaerateur de oomant gectriqye (59). 
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54 PROCEDURE AND INSTALLATION FOR DRILLING AND LINING A WELL, PARTICULARLY OIL 
WELL DRILLING, BY MEANS OF INITIALLY FLEXIBLE, ABUTTED TUBULAR SECTIONS, AND 
HARDENED IN SITU. 



57. According to the invention, the lining of the well 
is accomplished by means of several preforms (4) 
coaxially abutted, which are initially flexible and 
folded back on themselves in order to have radially 
small overall dimensions which allow them to 
descend through the section (2) already in place; 
the preforms have a widened lower end which 
allows them to be nested with overlapping of the 

preforms; a preform is sealed in a hole made in [diagram] 
advance, through the section already in place, this 
sealing process using a cement (6) which is 
inserted in the base of the preform; by the 
subsequent insertion of a fluid under pressure 
inside the preform, the cement is forced from 
bottom to top against the wall of the hole, after 
which the preform is polymerized to harden it. 
Lining for oil wells. 
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PROCEDURE AND INSTALLATION FOR DRILLING AND LINING A WELL, 
PARTICULARLY OIL WELL DRILLING, BY MEANS OF INITIALLY 
FLEXIBLE, ABUTTED TUBULAR SECTIONS, AND HARDENED INJHTU* 

The present invention concerns a process for drilling and lining a well, 
particularly oil well drilling, by means of a set of tubular sections — or preforms — that are similar, 
initially flexible, suitable for being folded longitudinally back on themselves in order to be 
inserted into the well, then radially unfolded under the effect of an internal pressure in order to 
5 take a cylindrical shape, and finally to be hardened in situ by polymerization of their walls, the 
maximum dimension of the overall transverse dimensions of a folded preform being substantially 
less at its inside diameter when unfolded, and said preforms having an end portion the diameter of 
which— after unfolding — is slightly greater than that of the preform, which makes it possible for 
them to be joined end-to-end by nesting, with overlapping of said end portion. 
10 Thus, by using this type of preform, which is known, particularly through 

document WO-A-94/21887, a lining can be obtained with constant diameter for the whole length 
of the well. 

In this regard, it should be remembered that with traditional linings (or well 
casings) composed of steel pipe, telescopic tubular sections have to be used, with diameter 
15 decreasing toward the bottom of the well, which poses problems of installation and subsequent 
operation of the well. 

The objective of the invention is to propose a process of drilling and lining the 
well, using preforms of the type mentioned above, which process can be implemented easily and 
quickly, at low cost. 

20 To accomplish this, and according to the invention, a first section is put in place 

at the well head, the enlarged end portion of this section being turned downward. 

The process according to the invention includes the following steps: 

a) a drill tool is passed axially downward through said section, and a hole is 
bored with a shape and depth suitable for receiving the next section, beneath and as an extension 

25 of this section; 

b) the drill tool is removed; 

c) a preform, in folded form, is inserted inside the well, causing it to pass through 
the section already in place, and it is suitably positioned inside the hole, its top end being placed 
inside the enlarged end of the section; 
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d) a fluid cement is introduced at the bottom of the hole, around the lower end of 

the preform; 

e) a fluid with a density greater than the density of the cement is introduced 
under pressure, inside the preform in order to open it out radially, progressively from bottom to 

5 top, by forcing the cement, also from bottom to top, around the preform, against the wall of the 
hole; 

f) while keeping the preform under internal pressure, the wall thereof is heated to 

polymerize it; 

g) when the cement has set and the preform has hardened to constitute a rigid 
10 tubular section of lining, the tools that were used for inflation and polymerization of the preform, 

as well as the distribution of the cement, are withdrawn; 

h) the operation is repeated for the subsequent sections, until the desired depth of 

the lined well is obtained. 

When, as will be explained further on, the preform has resin reserves that can 
15 migrate toward the exterior to form ring-shaped seal interlocks; these interlocks are put in 
position at the beginning of step f) above. 

In one particularly advantageous way, a drill bit is used that can selectively have 
three conditions of radial contraction, the first condition being of minimal size, allowing it to pass 
through the interior of the section already in place, a second condition of intermediate size for 
20 drilling the main part of the hole, and a third condition of maximum size for drilling the part of 
the hole intended to receive the enlarged portion of the preform. 

In one preferred embodiment, the tool used to inflate and polymerize the 
preform, as well as to distribute the cement, comprises a head with a double valve placed at the 
lower part of the preform, and suitable for selectively distributing an inflating fluid inside the 
25 preform and a fluid cement outside it. 

The drilling and lining installation, which is also a part of the present invention 
and is used to implement this process, is notable in that it comprises, at the well head: 

- a spool for storing and receiving the preform, in coiled form; 

- a head that hangs over the entry to the well, suitable for allowing the preform 
30 and the various tools for drilling, as well as for the inflation and polymerization of the preform, to 

be guided and inserted into the well; 
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- spools for storing elastically deformable metal pipe in coiled form, suitable for 
lowering and raising said tools in the well, with one of these pipes containing a wire used to 
provide the preform with electrical current; 

- an electric current generator. 

5 Other characteristics and advantages of the invention will appear from the 

description and appended drawings which represent, by way of non-limiting example, one 
preferred embodiment, as well as the corresponding installation. 
In these drawings: 

- figures 1 to 4 are diagrammatic views, in axial cross section, showing the 
1 0 various stages of the drilling operation in the part of the well that receives the preform; 

- figure 5 is a diagrammatic view of a preform and of the tooling to which it is 
attached, before being placed in the well; 

- figures 6 and 7 are partial view of the lower end of the preform, intended to 
illustrate the principle of the double valve with which the tool head is fitted; 

15 . figures 8 to 15 illustrate the different steps to install a preform at the end of a 

section already in place; 

- figure 16 diagrammatically represents, in axial cross section, a well lined with 

three coaxially abutted sections; 

- figure 17 is a diagrammatical view showing the different materials that 
20 comprise the installation, located at the surface (well head); 

- figures 18 to 30— on a smaller scale— illustrate the operation of the installation 
during the different steps of the lining process. 

Figure 1 represents the lower end of a vertical well being bored and lined. This 
well, incompletely drilled, has a lining already in place in the form of a rigid cylindrical pipe 2 
25 having one enlarged lower end 20. 

The diameter D of this part 20 is slightly larger than the diameter d of the main 
part 2, so the sections 2 can be nested together with overlapping of the end parts 20. 

The lining section 2 is sealed in the well by a peripheral cement 200. 
We shall now describe how the next section, intended to abut the section 2, will 
30 be installed with the aid of the process according to the invention. 
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To do this, as illustrated in figures 1 to 4, a hole intended to receive this section is 

drilled. 

For this purpose, a drill bit 1 is used, which has the special feature of being able 
to be radially expanded or retracted in three configurations of different overall dimensions. 
5 In a first condition, illustrated in figure 1, the tool is fully retracted so that its 

largest transversal dimension allows it to pass freely inside the section 2. 

In this condition, its overall dimension is therefore smaller than D. 

In a known way, the drilling tool 1 is attached to the end of a tubular shank 10, 
which carries the motor (not shown) to drive the tool in rotation, and the components that provide 
1 0 for its radial deployment or contraction. 

As will be seen further on, the shank 10 is mounted on the end of a metal tube 
suitable for being coiled onto a receiving drum placed on the surface at the well head. 

In a second condition of radial deployment, illustrated in figure 2, the cutting part 
12 of the tool has a working diameter substantially equal to D. 
1 5 When the tool has been axially lowered into the well through the casing 2 already 

in place, it is radially deployed to the diameter D when it reaches the inside of the enlarged 
portion 20. The tool is then caused to rotate while continuing its descent as illustrated by the 
arrow Fi in figure 1 . 

A cylindrical hole with the diameter D, coaxial to the section 2, is thus drilled in 

20 the ground S. 

The drilling depth corresponds to the length of the section to be installed. 

The tool 1 has additional cutting devices 1 1 that can be radially deployed to a 
diameter greater than D, in order to be able to receive the enlarged portion of the section the be 
put in place. 

25 As illustrated in figure 3, by raising the tool in the direction F 2 , the hole 3 is 

enlarged for a certain distance. 

In figure 4, reference 30 designates the wall of the main part of the hole 3, 

reference 31 the wall of the expanded portion, and reference 32 the bottom of the hole the 

diameter D of which is the same as that of 30. 
30 The preform 4, represented diagrammatically in figure 5, is of the same general 

type described in detail in WO-A-94/21887 cited above. 
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However, because this is a blind hole, the preform has no inflatable plug at its 
bottom; moreover, the preform 4 has a lower end 40 with expanded cross section. 

The preform 4 is supported by steel tubing 5 that can be coiled onto a storage 
drum located at the surface, which makes it possible to lower the preform into the well and to 
5 supply the cementation and inflation fluids, as well as the electrical energy for the polymerization 
of the preform, by means of a connection device 500 connected to a central conduit (axial) 50 
arranged inside the preform and connecting at the bottom thereof to a distribution head 5 1 . 

This type of steel tubing which can be formed into coils is currently known in the 
art by the English term "COILED TUBING," abbreviated "C.T." 
10 Like the one cited in WO-A-94/21887 already cited, the preform is plugged and 

sealed at its upper and lower ends by sleeves that can be torn off or cut off at the end of the 
operation. 

The distribution head 51 has a double valve 52, 53 that can be selectively 
activated (from the surface). 
15 As illustrated in figures 6 and 7, the valve 52 allows an inflation fluid to be 

distributed inside the preform (arrows I), while the valve 53 allows a fluid cement to be 
distributed at the base of the preform, outside of it (arrows J). 

As illustrated in figure 8, the preform 4 — which is initially radially folded — is 
lowered axially into the hole 3, from top to bottom, through the section of lining 2 already in 
20 place. 

For this to be possible, of course, the transverse size of the folded preform must 
be smaller than the inside diameter of the unfolded preform, which corresponds to that of the 
casing 2 already in place 

When the preform is folded onto itself, it has a U-shaped or spiral cross section, 
25 as illustrated for example in figures 6A and 6B, respectively, of document WO-A-94/25655; 
when it is unfolded, it has a circular cross section. 

The preform 4 is positioned in the hole 3 so that its larger end 40 is facing the 
enlarged portion 31 of the well; the length of the hole 3 is determined so that, in this position, the 
upper portion of the preform is facing the widened part 20 of the casing already in place. 
30 A dose of liquid cement 6 is then injected at the base of the preform through the 

valve 53 (arrows J, figure 9). 

The cement is selected to have a density close to — even slightly greater than — 
that of the liquid mud 7 found in the well. 
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When this cement arrives at the base of the preform, it forces the mud toward the 

top. 

As illustrated in figure 10, the preform is then inflated by injecting a fluid under 
pressure into it, through the valve 52 (arrows I). 
5 This can be either a liquid introduced from the outside (from the well head) 

through the conduit 5 in the preform, or a liquid (water, mud or oil) already present in the well 
and pumped into the preform. 

The inflating liquid is advantageously selected to have a density slightly greater 
than that of the cement and mud surrounding the preform, so that the inflation occurs 
10 progressively from the bottom toward the top, as symbolized by the arrows H in figure 10. 

If not, the progress of the inflation from bottom to top can be controlled by 
providing a series of frangible containing rings that have a breaking point suitable for this 
direction of progression. 

The cement is therefore also forced from bottom to top against the wall of the 
15 well, as symbolized by the arrow H, while the mud 7 is forced upward. 

Preferably, there is not enough volume of peripheral cement to reach the top of 
the preform, in order to ensure a bonding without cement at the area of juncture between the end 
portions of the two sections 2 and 4 (see figure 1 1). 

Preferably, preform 4 has a resin wall that can be heat polymerized sandwiched 
20 between elastic internal and external skins, and provided, on the inner side, with a reserve 
containing resin that can migrate toward the outside to form ring-shaped flanges that help to 
anchor and seal the casing against the wall of the well. 

A preform of this type is described in the French patent application 94 08691, 
filed by the applicant on July 7, 1994, and in its international extension PCT7FR 95/00902. 
25 These ring-shaped interlocks, distributed along the preform, are referenced as 9. 

Preferably, the interlocks are higher in density (i.e., smaller separation between the interlocks) at 
the upper and lower ends of the preform, in order to ensure a good seal in the end-to-end 
connection of the different sections. 

The heating and polymerization of the preform are done once the inflation is 
30 completed, the inflation pressure being maintained inside the preform. 
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By way of example, the internal pressure is approximately 15 bars. 

The preform can be heated by introducing a hot fluid inside it, or by exothermal 
chemical reaction, or preferably by induction, using electrical resistances (heating elements) 
arranged in the wall of the preform or in the proximity thereof, and supplied with electrical 
5 current from the well head via the coiled tubing 5. 

By way of example, the temperature needed for polymerization is approximately 
1 10° to 140°C, and the length of this stage is approximately six to eight hours. 

When the polymerization of the interlocks 9 and the preform wall is completed, 
and the cement 6 has set (figure 12), the tools 500, 50, 51 (arrow K, figure 13), are removed. 
10 A cutting tool (501) is then installed at the end of the tubing 5, and the sealing 

sleeve at the upper end of the preform (polymerized) 4' (figure 14), is cut off and removed. The 
lower sleeve is removed in the same way. 

A section of lining 4' is thus obtained, which coaxially extends the preceding 

casing 2 (see figure 15). 

15 The operation that has just been described is of course repeated, section after 

section, in order to obtain the desired depth of lined well. 

In one possible embodiment of the preform, it has a core composed of 30% 
epoxy resin and 70% fiberglass, this core having a thickness of about 14 mm; the internal and 
external skin of synthetic rubber have a thickness of about 2 mm and 6 mm, respectively. 
20 By way of example, the main portion of the preform 4 has, when unfolded, an 

inside diameter of about 140 mm and an outside diameter of about 184 mm, while the expanded 
portion 40 has an inside diameter of about 188 mm and an outside diameter of about 236 mm. 

The portions 30-32 and 31 of the well have average diameters of about 197 mm 
and 244.5 mm, respectively. 
25 The length of the different sections can obviously vary greatly; by way of 

example only, the length of a preform can be approximately 500 m. 

Figure 16 represents a well P lined with an assembly of three sections 2 A, 2B 
and 2C, abutted and cemented. 

Figure 17 diagrammatically represents a well head installation that allows the 
30 process according to the invention to be implemented. 

In this figure, the wellhead, reference 55, is equipped with a metal structure 
(frame) 100 surrounding the well head. 
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This structure 100 carries an injector 101 furnished with a drag brake 102, used 
to hold and push the different materials when they are lowered into the well or pulled out of it; it 
is in line with the entry to the well. 

The reference 54 designates a storage drum on which the preform is coiled; it is 

5 mounted on a tramcar. 

The reference 540 designates a support and guide plate for the preform at the 

entry to the well. 

The references 56 and 57 designate drums on which the C.T. (coiled tubing) 560 
and 5 are coiled and stored, respectively. 
10 The tubing 560 is used to hold and move the drill tool; the tubing 5 (as already 

mentioned) holds the preform, feeds the inflating and cementing fluids to the preform, and 
connects it to a source of electrical current (for the polymerization). 

The electricity is furnished by an electric generator 58. 
The reference 59 designates a control cabin for the operation. 
15 The entry to the well to be drilled is initially furnished in the conventional way 

with a casing 550. 

The drill bit 1 is fitted to the end of the tubing 560, which is uncoiled from the 
receiving drum 56, supported and guided by the plate 102, then pushed by the injector 101 (see 
figure 18). 

20 Drilling then proceeds to the multistage hole 3, which is to receive the first 

section (figure 19). 

After the preform is put in place, cemented and inflated, and when it has been 
polymerized in situ via an electrical conductor 580 connected to the generator 58, the central 
conduit (50) and the tubing 5 to which it is attached are removed, coiling it onto the drum 54 
25 (empty) on which the preform was initially stored (figure 20). 

The preform is abutted against and sealed to the casing 550. 

The hydraulic and electrical connections to the preform are then disconnected, 
and an appropriate safety device A is installed and sealed around the well head by a conventional 
technique (figure 21). 

30 Using a cutting tool 501 carried by the tubing 5, the top and bottom sealing 

sleeves are cut off (figure 22). 

The next step consists of drilling the next section to obtain a multistage hole 3 

extending the section 2 (figure 23). 
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Next, the diameters are measured and the alignment of the section 2 and the hole 
3 are verified using an appropriate instrument 1000 (figure 24). 

A new preform is then put in place (figure 25). 

It is lowered into the well and suitably positioned in the hole 3. It is then 
connected to the tubing 5, after which it is inflated, cemented and polymerized (figure 26). 

The central conduit 50 is removed by raising and coiling it onto the receiving 
drum 54 (figures 27 and 28). 

The cutting tool 501 is suspended from the tubing 5 and lowered to cut the end 
sleeves (figure 29). 

Two rigid, abutted sections 2A, 2B are thus obtained (figure 30). 
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CLAIMS 

1. Process for drilling and lining a well, particularly oil well drilling, by means 
of a set of tubular sections— or preforms— that are similar, initially flexible, suitable for being 
folded longitudinally back on themselves in order to be inserted into the well, then radially 
unfolded under the effect of an internal pressure in order to take a cylindrical shape, and finally to 
5 be hardened in situ by polymerization of their walls, the maximum dimension of the overall 
transverse dimensions of a folded preform being substantially less at its inside diameter when 
unfolded, and said preforms (4) having an end portion (40) the diameter of which— after 
unfolding— is slightly greater than that of the preform, which makes it possible for them to be 
joined end-to-end by nesting, with overlapping of said end portion (40), characterized by the fact 

1 0 that a first section (2) having been put in place from the entry of the well, its enlarged end portion 
(40) turned downward, 

a) a drill tool (1) is passed axially downward through said section (2), and a hole 
(3) is bored with a shape and depth suitable for receiving the next section, beneath and as an 
extension of this section (2); 

1 5 b) the drill tool ( 1 ) is removed; 

c) a preform (4), in folded form, is inserted inside the well, causing it to pass 
through the section (2) already in place, and it is suitably positioned inside the hole (3), its top 
end being placed inside the enlarged end (40) of the section (2); 

d) a fluid cement (6) is introduced at the bottom of the hole (3), around the lower 

20 end of the preform; 

e) a fluid (8) with a density greater than the density of the cement (6) is 
introduced under pressure, inside the preform (4) in order to open it out radially, progressively 
from bottom to top, by forcing the cement, also from bottom to top, around the preform, against 
the wall of the hole (3); 

25 f) while keeping the preform under internal pressure, the wall thereof is heated 

to polymerize it; 

g) when the cement has set and the preform has hardened to constitute a rigid 
tubular section of lining (4'), the tools that were used for inflation and polymerization of the 
preform, as well as the distribution of the cement, are withdrawn; 
30 h) the operation is repeated for the subsequent sections, until the desired depth of 

the lined well is obtained. 
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2. Process according to claim 1, characterized by the fact that a drill bit (1) is 
used that can selectively have three conditions of radial contraction, the first condition being of 
minimal size, allowing it to pass through the interior of the section (2) already in place, a second 
condition of intermediate size for drilling the main part (30) of the hole (3), and a third condition 

5 of maximal size for drilling the part (31) of the hole (3) intended to receive the enlarged portion 
of the preform (4). 

3. Process according to claim 1 or 2, characterized by the fact that said tool 
comprises a head (51) with a double valve (52, 53) placed at the lower part of the preform (4), 
and suitable for selectively distributing an inflating fluid (8) inside the preform (4) and a fluid 

10 cement (7) [sic] outside it. 

4. Drilling and lining installation, used to implement the process according to 
any of claims 1 to 3, characterized by the fact that it comprises, at the well head: 

- a spool (54) for storing and receiving the said preform (4), in coiled form; 

- a head (101) that hangs over the entry (55) to the well, suitable for allowing the 
15 preform (4) and the various tools for drilling, as well as for the inflation and polymerization of the 

preform, to be guided and inserted into the well; 

- spools (56, 57) for storing elastically deformable metal pipe in coiled form 
(560, 5), suitable for lowering and raising said tools in the well, with one (5) of these pipes 
containing a wire used to provide the preform with electrical current; 

20 - an electric current generator (59). 
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